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(54) FUEL ELECTRODE AND SOLID ELECTROLYTE FUEL CELL USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To apply sufficient 
electrode performance for a low-temperature operation 

to a fuel electrode, using a conductive material by jr\ ^j^h^^ 

forming the conductive material into a network structure jJ^Mm ^ 

surrounding metal grains with mixed conductive grains. iMmj^ 
SOLUTION: This fuel electrode is made of highly llOr 
dispersed metal grains 1 and mixed conductive grains. Uk^ 
Mixed conductive grains 2 have a network structure /"cjv^ 
surrounding the metal grains 1 , and the cermet fuel pj^B^ fl^Jm 

electrode has a porous structure with a well-controlled ^KIlT ^^5^ 

microstructure. The interface between the metal grains 1 
and mixed conductive grains 2 is increased to increase 
effective reaction sites by this network structure in 
addition to the electrode reactive on the surface of the 

mixed conductive grains 2, and the electrode performance and be improved. The metal grains 
1 contain at least one kind of Ni, Pt and Ru, and ceria based mixed conductive grains 
containing Ce02 are preferably used for the mixed conductive grains 2. The volumetric ratio 
between the metal grains 1 and the mixed conductive grains 2 are preferably set to the range 
of 10:90 to 70:30. 
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[ ii*iM 3 ] fria^Mft^ (i, n i , p t , Rno^^m 

mm-^mn.'m=f-\t, c e OjXti ( c e > 

f-5j-y. 2ffi<OT/l^;<fU±«#«?!f^5ry. 3fll<7)^± 

m-izwifw. Lfcmmt tmit^tix s^ik 

Jll <i> 4 i T'co V ^m)i)>fc:iS«t<7)g»«tttti|st. 

[000 1] 

M»f«if6 (OT. rsOFCj t^^o) tcffl<-^6itl. 

mMAr/^tiim^ s o F c t^M-r ^ i> cTjt-^ i. . 

[00 021 

imkcom) soFc«i. mimTi'^)-y^^:mm 
Mii*<osoFc<o^<ii. m^ixhjmm<7)mt 

[0003] 

[mmiki^dt-tmm] la^l^s:*^'^.. icq 
o\:#jfi-cffi!i$-y:Sj^. '?-<7)ia«-cj±, mmm<^ 



[0004] liicomm^mm-t^fzibco^iib ix. 

s o F c oaifeiajssr , mtii8oo rajst^T 
(f. (S^T-ra«r«g^soFcc7)urigtt*i^it$ii-ci,^ 
I. , ffiSf^ii s o F c coi^-fbtc {± . 8 0 0 'cmmx'+ 

«f. mmft^w^figffl^ti. mrns-i o o o^c.^ta 

??S200^300mA/cm2c7)t^, 77=100m 

vs«Tj)^*s, mim.s 0 O^Ctii. ^ = 1 5 0 m 

mx'<nmwmjfi+'rtx'^j:<. fsia^-cj;0isv^mtt 

[0005] *|&HB<7) g WJi , s o F c (rtm^imWL^ 

n 0 tii^iz+mmmitmi:^i- 1. s o f c mimms. 

t/^<^mmm^m^^fz s o f c $rtiflt-fi. c t -c-^i. . 

[0006] 

mmi:mmtttziib<^^m^mMm^ii. sofc 
mtuz^-^tz, 

[0007] f =5rt.*>. *^HB{±, ^^mtit:^m& 
[ 0 0 0 8 1 t/c, BuiE^SS^ti, ll«-ri.fl!2<7)^il 

[0009] tti. H(rE^jas-?«±s n i , p t , ru 

BiriE?I^«ttS^{is C e 02X«i ( C e O2 ) 
^jfv-, 2fic7)r;l^;ir>;±»#il;i?^^>', 3tti<7)*± 

;i^f-:t>'. n{±. WmM^. 0<Xg0. 4) T«§ 

ixi.-fe y T^m^mmm.^^-^tizbmt tw 
[ 0 0 1 0 ] mM-km&'f(7)mmiiib ix. 

mm.'f-iiz^^muzm&cottMTt^tix^jmLtz 
^m.^ i: =5: 0 . mi^m^b tmm-^mm.'F b 

[0011]*/^, B(rie^ss-?i BuiBm-^umfe^ 

tiOfrSJtJi, 10:9 0*^^,7 0 : 3 0(7)|ifflfc*)l. 

zbmti\.\ 

[ 0 0 1 3 ] * *l6HBc7)li#:«»«S«$flm«i, 



(3) 



^^¥1 1-29733 3 



[00 14] 

I. 

[ 0 0 1 5 ] la 1 ^z^i-x d {c> mim.m'smmmM 

mttm^ 2 {±, ^JSS^ 1 0 Htf ^- 'y h "7- «)i 
JiS^ 1 2 (cHv ^iili ^lit 5 ^ offlii 

2<0#ffli{)>mL-C*S!)^KtEf ^ b*>'JM;t. «ffitt*g 

^«mttSi^2*>'*«tt^«-ri.fca6, »tffic7)#«# 
0, «®R«*>'±fcfif^?tii.Hffl^n (.mm/VMM/ 

tlZtt^X-^, SOFC$rfS?fl (MxtfQOOrfeil 

OT) •Cf^i!)§-ii:l.>Ii:**-e%l.. 
[0 0 16] ^il^-f 1 tLXJi, N i . Pt, Ru# 

[0017] m^m'mm^2t ixn. mm^ r^y 

i-v^xm-im^^hZbis^X'%. (Ce02),.x (M 

j,xmfih^'}T^m.-mwmi--^m\^hzt 
mt L < , mum 7j-y»«tt(±±Eco-fe rmi-^ 
mw&m-^z9ihtK c e 02 i,m\^hzttn'% h . 

n{±. mmsi'm.x'h*) . xttxa. aso<xg 

0. 4, lf*t<{i:0. l^XSO. 3, J:'9*f*t< 

[0018] ^mi'F 1 tM^^m-ttfii^ 2 1 c7)#:fl|Jt 
{i. ji^ 1 0 : 9 0*>^> 7 0:3 OcommiZh "9 . Iff^ 
L<{i, 3 0 : 7 0*^^.6 0 : 4 0COKH, §^lC«Fi 
t<(i> 50 : 50X'h^. ^XH. mtittiK 10:9 
0*»^>70 : 3 0 OKHSriiM-r i: , ^S«i^|Bl±X 

«iji^W«tta^ |i|±*^'^llr , s o F c fflffif-m 



[ 0 0 1 9 ] 02{i. *l6B3£7)ffi£7)^M^O»»£7)iI^<ci; 

[0020] 02 t^-r ct 3 s^^wssammM 

fflj»f«i. «^«5cSixfc^iBS^li:a^3Si«ttS^ 
«tt&^2 "5 . SV^t js&;^ft< J: a {c Lxm 

fii$tifz^^'yhv-:^mm^^-ti<r>x\ m2i,z7^-rm 
HiW^mmmmmimiza ^ ^-c t . 0 1 i,z^-rm 

uz. ^sa^ 1 ihrnw-^xt txnm-riztij^x' 

\m'F2mnmi>zmmmm. lait^^-rm 

[ 0 0 2 1 ] ^fc, ±mcommx'ii.. :^mM(Dmm'm 
m^mmkLx^m-th^i>z-y\.^x^KtziK 

m^tkiHti-ty^bixhm^'^izt^K'i. ttz. 

'msmm. tix h^m-t^ z t i^-^ ^ , 
[0022] ixt, ±iicr>mmim\^tzmmm«m. 

^^fzmimmKmnmmmfS.i^t'mmxhi. 
[0023] ia3fc^t- i 0 iz. mmMwrnrnm^ 

m»sc 1 1 imA.fmcr)^ti^'tii,zw&t^ x o tas 

ffl!IKfltj^§ix/ii^*«^ffil 3*>(im^^S{tK-5T 
i!'fk!|%^>tyj:^r'5. Z(r>W(MM^yimW^'B.\ 
l+^rfeitL-Cmffil 2WC]*L, »f®l 2tCffi*& 

'^imtiX'}\-Wm(r)%M 1 4 Sra 0 . ^ffi 1 3 tea 

[0024] ni(m^i^mmmmmzii\vi: . m 
«i 2{±. ^mtfb^-^mm.m.'ftm-'jtm.x'SL 

J^Loo|l#:«»«l lc7):^®t#»§ixT, ^TLfllji 
L, iftffl* (W;t{f8 0 0r) tciSt^Tt+^^^mW 
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[ 0 0 2 5 ] ^jo, mm.mnmnm&b ixn. m 
J: 0 , m^mtLfz±m<L=Fmm^mm'm'F^^'^^x 

SS^i-tic1S^«&^Srt#S. :iZX. mmL^<i^(o 

0. 1-1 0//mT'S)SCi:**#t L.<. — 9 

■f. xr]y-Yy^m. wzimLtzmwi^mzm. 
^Lxm.-^wm-mm-hnmwk^mm\,zii y)m^w. 

[0027] mz. msm^^m^zx m^tz^^rtmi 

^mi<znm^^tzm. ^%^x'mtm. ^hizmym 

mw&'F^zmiiii irzm<r>ttm7t^tLxi^ii6i iTt 

I. tea. ±mmmn^^m7ctiumii. mm& 

[0028] ±idxg^ X 0 mmmm-ti t . ^ 
mmmmizx 'oimifz^mm^m.fSL'f^ 9 o o~ 
1 1 0 o°c. ntKii. 10 0 ovx'Mmifzm, m 

m mn£. x.^y-}V) tx<m-^ix^-:^h^b 
I. zn^. mm. x^'j-yepmizxma^m'M 

t'«# mil z t izx-ixmrn-i z t ifx^ zz 
x\ m^^^^t Lt . N i m-m}LsL<r)-t u r^s 

ix\±. 12 0 0-14 oo'ctrnt Lv\ m¥f>m 

fz.m^ nmSi&t^ l4oorJ:0i^v^^: mmmcom 
mm^t^'ifztb. \>^-ftihmmmcoi&Tihfzh 



[0029] 

immmi or. ^^^m^mmmm^'^x^ (,i,zmmi,z 
mmthiiK ^mMiizii(,i^m^^tihh<r>xim 

mmm i . 

t-f. mmim&miK ( C e ) s ( s m 

O1.5) 0.2 (OT. SDCfct,^^ ) b^j:hX0l,Z. Ce 

(NO3) 3 (fWS-fb^iiKft) is, a«99. 9%) 

%) inALxmA<.mmzxmwz^. ni (ch 
3C00) 2 ■ 4H2O {•r:^y^r-9x (m 
tw^iisit. mmmivmLfz. zzx\ « 

[0030] <xt, ii4(c:^^-r>«i»i?fe^»^ias-fflv^ 

tz. M^mzii. 1. iMHzxm^&m^&mi'?- 

2 ncj: 0 , mim2 2mmfmmmituz. m. 

^^fziXhii. ^^')riiX (^^, ^i*3L/mi 
nX') <,ZX 'Om^2At,zX mm.^ixfi^WS2 3\,Z 

N i O/S D C60?I^rfl'*5:^ r 'J T;JXlc<J; § (^ti 

'rtm^W.i , «^ 2 4 $r 4 -PO y - y Z 1 ~ Z 4 (wrJi- 

ffJL, lli«oy-yzi&2 0o''c, SS2tfoy'-yz2 

S-4 0 0°C, |g3(7)y-yZ3$r8 0 0r, Il4<7)y- 
yZAilOO O'Cfc^LTSSWSrSttJttl^-C 
ff-^Jt, ^fc, ^A' 'J r;<rxciOa*{±. 0. 5~5L/ 
m i n T-J) C: t AW t L < , fg^ • *k«-»j!!!iacO?ag 
KffltLf {±, ISltfOy-yZl*^ 10 0 — 200 

°c, ii2oy-yz2*^\ 3 0 0-6 0 or, mscoY 

-yZ3tiK 600-900°C. ||4i0y-yZ4**, 
900-1 OOOTXhhZtWtL^^, 
[0031 ] ±il<0^m»c^mi\,zX O^^LfcN i O 
/ S D C tfOft^tSrtS^aa^ <7)»® 2r . ^3EM«^« 
M (SEM) CJ:0IK«LJt^m5:ll5at^ia6t5^ 

t.msx'o. m^mM^w&fmmi. m. 5- 
2Mmx$>*). nm^^t^m^'Z tmm^titz, t 

it. He J: 0, ^m-ifWiM-^W^^li, 0. l/<mOT 

[0032] mz. ^ms(on&ixi&mtifmi,zx off 

m^ixKcti^-yfz, tfz. m^Xh^CeOim/Sm^O 

3 izM^-tl f - ix-f . C e O2/\c0 S m2 O3 

[00 3 3] JXIC, -^^L/oN i OtSDCtA^^^I, 

mm-^'mi^mmmfm^tixm\ zm 
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1 0 0 0°C-C 2 4mmiKm.m. Sm o l %^ •/ F U 

r^^'fb^-'/ua-r (ma. sysz) (nr^ix^ m 

;^0. 5mm) ±(ZX^'y-yEriHSrff(,\ 1 300°C 
0 0 ■'CSKT'JDI?^ L , «ffifflWf 0 . 2 8 2 c m2 COM 

■f. ia8J:'5. ffiiJ-tStU^Ni^li^t SD 

NiS?«OSg{i. 0. 2-5 txmX'hh^tifi^ 
iL<. SDCcOSfSi. 0. \—2txmXhh:Ltif 

[00 34] <Xt, La (Sr) MnOs/SYSZ** 

4)^rS ^i^StS-f Lt 8 Y S Z coRMffi 

t«##{t ( 1 1 OOiC. 4^0) . PtiH^BYSZ 

i)ffl(cll^Li:#ra|it 8 0 O'CtctJttsmffittSI 
^ff tf L/i . -I (JO t S . 'mii-:^ tlx 2 5 'cmam^ 

[0035]ll9{c, ^jvyv^y^'-yri^nym^ 

m^XI^Mz^ i /SDCm^m<r)S 0 OrCfc'Jt§« 
?gJK2 0 0mA/cm2<7)tS. 77 = 3 0mVt^^«t 

E ( I RHPyT) S-^-f. 
[0 0 3 6] JtRWl. 

S'Mf^SUjNi 0«)*tSDC»*t2rNi : SDC 

fzW^m^i ,1 0 0 0 r T'MMf^. SYSZcyr^X 
y m?i-0. 5mm) ±(:X^U-yEPSiJ^ffl'\ 13 

0 0 2 1^ fttts ^T*«{^ J: h m7tnm% 

*T8OO'€S«t1IPfl-tl..ri:fcJ;0, mSiSflJO. 

2 8 2c m^ffmm^m^Lfz, m:Ltzwm<^i 
^uwmi^mm-wismmmuz^^. n i 

t S D c:KtW5v^t*&;2».ft< i a =5:^ -y h'7-7flBi 

[00 3 7]<i^t, La (Sr) MnOs/SYSZa 
^aS^^^^SrSMSii: LT 8YSZWR*tffi(cM#f't 
(t ( 1 1 OOr, A^fSi) . Pt^&8YSZi!JffitC|i| 



^LT#B^figi: LT, 8 0 0°Ctio(t'S.m86tt«g2:ffii 
Uvi, ^^T. »t^;^i:L-C2 5t:c7)JllS*«;;5fXS: 

^JS2 0 0 mA/c m2tCj3Jt§mfii<Omm<t;^W^i- 
l^y N-^ y :?-77°v a yftSrfflV^T*y)/v; 
IS*, 13OmVri>0, m§L. ^Ji.{f8 0 0X;T'SO 

[0038] 

[llffli7)fSm=5rSiBS] 

[01] HiJi, ^^mco-mk(r)mMcom^!mmMm 
[112] ii2(j:, :^^mcom<^mmcr)mi&cr,mw^w 

[03] 11 3 {1, ia*«K«a«wico«^^^^-r« 

e^mx'hi. 

[04] 04{i;, mm^mm'atnmmTfii-ytt^yi' 

mx$)i. 

[05] 05{i, m4i,zip-rmsm^tmmim^^x^ 
mm=f-^mm¥MX'h?>. 

[06]06{i, m4i,z7^-timmmmi:m^x-^ 

[07] 07{i, 04^c*■tIftf?»^5)•»^BSrffl^,^t^ 
^UcN i 0/SDCj!)>f>^|,a-^*«X^(BltffA°^' 

[08] 08{i, ^feBflcON i/SDCmac0S7tflfc 

[09] 09{i, msiiZip-fN i /sDcmnm<om& 

1 ^W&Ft 

2 ig-&««ttS^ 
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